Abstract-In efficient air cooling systems may cause of wasting energy in a great amount specially in the urban area. Being the most popular cooling system, air-conditioners have been used in domestic usage as well as in industrial applications. However, the unintelligent nature of such cooling system gives rise to excess energy consumption which causes a huge problem in the current energy hungry world. In this paper, we present design of a fuzzy logic controller for the intelligent airconditioning system. The performance of the controller is also simulated. The proposed controller has the adaptive nature to control fan and compressor speed which leads to reducing power consumption. Also, the system controls the operation mode to retain the healthy oxygen level and humid condition of the indoor environment.
INTRODUCTION
The modern world has been running after new energy sources to ensure enough energy supply of all machines and instruments run by the different form of energy. Apart from the new sources, renewable energy plays a vital role to fulfill the constant demand of energy. However, the natural resources are limited and may take a long time to reproduce the energy to alleviate the energy crisis of the world [1] . As a result, intelligent systems can be an alternative choice to cut the wastage of energy consumption from the existing electrical systems such as household appliances. For example, the air conditioner provides a comfortable environment for every individual need, especially in Malaysia, a tropical country where the temperature fluctuates between 29°C and 34°C including humidity of 70% to 90% [2] . It is usually very hot and humid throughout the year which differs from countries which have four seasons in a year. Therefore, the demand of air conditioner in Malaysia is very high. Consequently, the electricity consumption of AC systems in Malaysia has been increased from 1200 GWh in 1999 to 2200 GWh in 2009. The predicted power consumption is 3000 GWh in 2015 [2] .
In a conventional air-conditioning system, temperature and humidity are regulated by a remote controller which may be a semi-automatic option. The main disadvantage of such system is setting a fixed temperature and humid condition for a long time. In other words, user seldom uses the settings option of the remote controller to change the temperature and humidity according to the weather variation. Instead, users most often increase/decrease temperature and fan speed option which may lead to a surcharge of energy consumption. In such situation, using an intelligent controlling strategy such as fuzzy logic techniques can improve the total power saving.
Air-conditioning is the process of modifying the properties of humidity and temperature of the air in a confined room under variation of the condition. The purpose of this process is to control of these conditions may be desirable to maintain the health and comfort of the consumers. There are many types of air-conditioning systems exist such as, window air conditioning system, split air conditioning system, centralized air conditioning system and package air conditioning system. Nowadays, the air conditioner is almost integrated with every building. They contribute almost 75% of total energy consumption [3] . By using a fuzzy logic controller, the intricate effects of inputs such as humidity, temperature and oxygen level can be predicted by the artificial intelligence to make an immediate decision or action to control compressor speed, fan speed, operation mode and fin direction according to the knowledge based production rules.
Fuzzy logic controllers have been used in various types of applications including water management [4, 5] , power grid management [6, 7] and solar energy management [8] [9] [10] . Although, fuzzy logic based system has been adopted in many areas of energy systems, very few systems have been 978-1-4673-9872-5/16/$31.00 ©2016 IEEE designed and implemented for air-conditioning system. Recently, [11, 12] investigated fuzzy logic controller for airconditioning system. However, there are some limitations of previous fuzzy logic controllers developed for airconditioning system. For example, those controllers tend to solve the energy minimization problem only. Maintaining a healthy oxygen level was not addressed. In addition to the controlling fan and compressor speed, it is important to control humidity and oxygen level of the room to ensure refreshing environment.
In this paper, we develop a fuzzy logic controller program for intelligent air-conditioning system. The performance of smart system is simulated using the MATLAB Fuzzy Logic toolbox. The program is designed such that the quality of air and the power efficiency of the system are improved simultaneously. In addition to controlling excess power consumption, the system is able to maintain a healthy humidity and oxygen level in the indoor environment. 
II. SYSTEM DESIGN

A. Fuzzy Logic Controller
B. System Parameter and Fuzzy Rules
The linguistic variables and term of input and output parameters are defined as in Table I and Table II respectively. The column titled as Status in TABL I presents different conditions of the temperature, humidity and oxygen levels which accordingly represent various changes in indoor environment. The units are fixed based on the studies in [2, 3, 11] . Accordingly, a set of sixty fuzzy rules is used in this study. The rules are set to change the output parameters according to the different conditions of input parameters.
III. SYSTEM SIMULATION AND RESULT
The results of this intelligent air-conditioning system are simulated using the MATLAB Fuzzy Logic Toolbox which also provides the graphical user interface (GUI) tools. Those primary GUI tools in Fuzzy Logic Toolbox are the FIS Editor, the Membership Function Editor, the Rule Editor, the Rule Viewer and the Surface Viewer.
A. FIS Editor
There are few membership functions available for the fuzzy inference systems. In this paper, we use the Gaussian and triangular membership functions [3] . These two membership functions can be defines as (1) and (2) respectively as follows. 
B. Rule Viewer
The rule viewer is a MATLAB based display of the fuzzy inference diagram shown at the previous section. This viewer is used to diagnose the system. The relationship between active rules and the individual membership function shapes and how it will influence the results. From the rule viewer, the results of the variation of compressor and fan Speed with different target temperature and actual room temperature can be tabulated in Table III  and Table IV for the target temperature of 17 ˚C and 25 ˚C respectively. 
C. Surface Viewer
The purpose of the Surface Viewer (SV) is to display the relation between input(s) and output(s). In this application, the compressor motor speed and fan speed optimize two operations such as cooling and power consumption. Besides, fuzzy controllers also have an extra function which controls the mode of operation and the fin direction. The mode of operation helps to optimize the humidity condition in the room, while, when the room is in the hot condition it will switch to air condition mode which faster the cooling of the room. Furthermore, the fin direction is to ensure the direction of air blowing direct to the user or away. When the oxygen level or actual room temperature is lower and the fin direction will move toward the user which is to cool down the user and supply more clean oxygen. While the oxygen level or actual room temperature is higher, the fin direction move away from user to avoid the cold air direct blowing towards the user. To elaborate more on the above, we discuss the simulated performance of the fuzzy logic controller in next section.
D. Discussion
In Fig. 4 , shows the relationship of actual room temperature and target temperature with the fan speed. The generated graph shows the increment in target temperature will cause the fan speed to increase until 30˚C and the fan speed is constant after that as design to adapt to the environment. Specifically, weather in Malaysia is hot throughout the year and therefore, the target temperature will not be more than 30˚C. Next, the actual room temperature is designed such that, if the temperature rises, the fan speed will also increase to cool up the room after comparing with target temperature. 5 illustrates the smooth change of compressor motor speed according to the signal changes in target temperature and actual temperature. When the sensor detects the gradual changes of the actual room temperature with corresponds to target temperature, the compressor speed will also increase and vice versa. Additionally, based on the results, it can be justified that the usage of compressor motor can be optimized in an intelligent way by the designed Fuzzy Logic rules. Therefore, the efficiency of the air-conditioning system is improved by reducing the excess energy consumption.
Moreover, Fig. 6 shows the influence of actual room temperature and humidity of the room on the fan speed. As the temperature and humidity increase the fuzzy logic controller will respond to this change in interior room's environment and the fan speed will increase accordingly. The central zone of the figure indicates that, the comfort zone (i.e. actual temperature 23-27 ˚C and humidity 35-45%), therefore the fan speed will operate with less than half its power, which implies the reduction of power consumption and hence, self-adaptability of the system is achieved. Furthermore, Fig. 7 demonstrates the effect of humidity and oxygen level against the fan speed. As shown in the figure when the oxygen level increases, the fan speed in decreases due to the sufficiency of oxygen in the room, which promotes healthy air condition. On the other hands, when the humidity increases, the fan speed will increase to upsurge the oxygen level. Therefore, optimizing the humidity level is essential in order to achieve a comfortable level for the user. In addition, as the humidity increases more than 45% the controller will respond to this change and transfer from AC mode to dehumidifier mode. The purpose of dehumidifier mode is to optimize the humidity level in the room to an acceptable humidity level. Consequently, the AC mode will remain to cool up the room when the temperature is high and to maintain the user defined target temperature.
The surface viewer of fin direction versus oxygen level indicates that, when the oxygen level is as low as 15% to 35%, the fin direction is toward to the user. This is to make sure the oxygen level is maintained at the sufficient level for the user's comfort and health. On the other hand, when the oxygen level is higher than 35%, the fin direction will automatically move away from the user just to maintain the predefined room temperature. This implies that, when the room is filled up with sufficient clean air with enough oxygen, the fin direction can be any corner of the room. Finally, when the humidity reaches to a certain uncomfortable level as defined in the previous rules, the fan speed will increase and the fin direction will be directed towards the user to refresh the humid air.
IV. CONCLUSION
In this paper, a fuzzy logic controller has been designed for an eco-friendly air-conditioning system. The performance of the controller is simulated using MATLAB Fuzzy Logic toolbox. The proposed controller is a smart system with the capability of optimizing the parameters of the indoor environment. Considering the existing temperature, oxygen level and humidity of the room, the proposed system achieves a better control performance and self-adaptability character. Therefore, the efficiency of the system can be improved easily by manipulating the parameters of the intelligent air-conditioning system.
